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ABSTRACT 


This  investigation  was  concerned  with  the  effects  of  breathing  100 °/c  oxygen 
(by  mask)  at  1  atmosphere  ambient  pressure  for  4  hours  on  sympathoadrenal,  adreno¬ 
cortical,  and  metabolic  functions  in  healthy  human  subjects.  Control  determinations 
were  made  on  the  same  subjects  on  a  separate  occasion  by  having  the  subjects  breathe 
room  air  (by  mask).  Sympathoadrenal  activity  was  appraised  by  means  of  urinary 
epinephrine  and  norepinephrine  determinations;  adrenocortical  activity  was  appraised 
by  means  of  plasma  cortisol  and  urinary  17-hydroxycortico3teroid  determinations;  and 
metabolic  appraisal  was  made  by  means  of  urinary  creatinine,  urea*  uric  acid, 
phosphate,  potassium,  and  sodium.  Evidence  of  hyperoxia-induced  adrenocortical  and 
sympathoadrenal  depression  was  found — plasma  cortisol  concentration,  as  well  as 
catecholamine  excretion,  falling  below  the  control  levels.  Urine  volume  also  was 
relatively  low,  as  were  urinary  sodium  and  phosphate  values.  Mask  discomfort  was 
shown  to  be  an  obscuring-  factor,  since  it  acted  oppositely  to  hyperoxia  in  many 
respects. 


This  technical  documentary  report  has  been  reviewed  and  is  approved. 


ROBERT  B.  PAYNE 
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ENDOCRINE  AND  METABOLIC  EFFECTS  OF  SHORT-DURATION  HYPEROXIA 


1.  INTRODUCTION 

Additional  knowledge  of  the  physiology  of 
hyperoxia  is  needed  in  view  of  the  frequent  use 
of  100  U  oxygen  by  flying  personnel  and 
astronauts  during  preflight  periods  and  by  re¬ 
search  and  training  personnel  prior  to  decom¬ 
pression  in  altitude  chambers.  The  possibility 
that  preflight  hyperoxia  may  be  a  predisposing 
factor  for  subsequent  stresses  seems  not  to 
have  been  investigated  extensively,  nor  is  there 
much  knowledge  on  the  compensatory  responses 
to  high  oxygen  pressure.  Sympathetic  and 
neuroendocrine  changes  during  hyperoxia  seem 
likely  since  a  parasympathetic  response  to 
hyperoxia  has  been  demonstrated  in  the  hu¬ 
man  (3).  Logically,  sympathoadrenal  and 
adrenocortical  depression  would  be  beneficial  in 
hyperoxia,  since  it  is  known  that  epinephrine 
and  corticosteroids  havu  enhancing  effects  on 
oxygen  toxicity  (11).  The  present  investiga¬ 
tion,  which  was  preliminary  in  nature,  deals 
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spouses  to  hyperoxia  in  healthy  human  sub¬ 
jects.  In  addition,  certain  metabolic  functions 
were  examined  for  evidence  of  oxygen- 
sensitivity. 

2.  METHODS 

A  group  of  24  healthy  adult  men  was 
studied  on  two  occasions,  with  the  time  between 
tests  amounting  to  n»  ’e  than  a  week.  On  both 
occasions,  the  subjects  rested  in  reclining  chairs 
from  0800  to  1200  hours,  wearing  aviator-type 
oxygen  masks  \vh.‘  *h  weie  strapped  tightly  to 
the  face  and  connected  to  diluter-demand 
oxygen  regulators  which  delivered  either  pure 
oxygen  (the  <?>; r'srimeii Lai  situation)  or  room 
air  (control  siuuuion).  The  mask  contains  a 
single  flapper  valve  wh.  h  permits  the  expired 
air  to  be  blown  off  to  the  outside  atmosphere. 
During  inspiration,  the  flapper  seals  tightly 


against  the  valve  seat,  and  no  ambient  air 
can  be  admitted  to  the  mask  through  this  chan¬ 
nel.  The  regulator  is  a  simple  mechanism 
operated  by  normal  changes  in  pressure  occur¬ 
ring  during  the  breathing  cycle.  Thermal  com¬ 
fort  was  insured  by  having  air  temperature  in 
the  test  chamber  constant  at  75°  F.  Baro¬ 
metric  pressure  approximated  750  mm.  Hg.  To 
offset  pre-existing  variation  in  metabolic  status 
in  the  subjects  at  the  different  test  times, 
half  of  the  subjects  breathed  oxygen  on  the 
first  occasion  and  room  air  on  the  second,  while 
the  remaining  subjects  were  tested  in  the 
opposite  order.  Television  programs  were 
viewed  by  the  subjects  during  both  tests. 

Venous  blood  samples  taken  terminally  were 
analyzed  for  cortisol,  using  the  method  of 
Sweat  (14),  which  relies  on  sulfuric  acid- 
induced  fluorescence.  Preliminary  (pretest) 
cortisol  determinations,  although  highly  de¬ 
sirable,  were  not  made  because  it  was  thought 
that  venipuncture  at  this  particular 
have  an  obscuring  influence  on  physiologic 
responses  to  hyperoxia. 

Urine  samples  taken  terminally  were 
analyzed  for  17-hydroxycorticosteroids  (17- 
OHCS)  by  means  of  the  Reddy  method  (13), 
which  is  based  on  the  phenylhydrazine  reaction. 
These  determinations,  along  with  plasma  cor¬ 
tisol,  provide  means  for  assessing  adrenocor¬ 
tical  activity. 

Urinary  epinephrine  and  norepinephrine 
determinations  were  made  by  means  of  a 
modification  of  the  tri  hydroxy  indole  method 
(4).  Epinephrine  excretion  relates  to  adreno- 
medullary  activity  primarily,  while  norepineph¬ 
rine  reflects  changes  in  sympathetic  nerves 
(15).  The  Teehnicon  AutoAnalvzer  was  used 
to  measure  urinary  creatinine,  urea,  uric  acid, 
inorganic  phosphate,  potassium,  and  sodium. 
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These  latter  urinary  constituents  reflect 
changes  in  nitrogen  and  mineral  metabolism, 
as  well  as  changes  in  acid-base  balance. 

3.  RESULTS 

Evidence  of  slight  adrenocortical  depression 
was  found— cortisol  values  for  hyperoxia  and 
normoxia  averaging,  respectively,  6.2  and  7.8 
^ig./lOO  ml.  plasma  (P  <  .025).  The  value 
obtained  during  normoxia  is  not  statistically 
different  from  one  obtained  previously  (9)  for 
nonstressed  adult  males  (8.2  ^g./100  ml.  plas¬ 
ma)  ;  the  value  obtained  during  hyperoxia, 
however,  is  significantly  below  this  level 
(P  <  .005). 

A  strict  time  schedule  was  followed  to 
have  the  normoxia  and  hyperoxia  tests  agree 
precisely  with  respect  to  time  of  day.  Since 
plasma  cortisol  concentration  normally  falls 
progressively  throughout  the  morning  hours 
(1,  10),  nonadherence  to  a  strict  time  schedule 
would  have  made  interpretation  impossible. 
The  slightly  lower  cortisol  value  found  after 
4  hours  of  oxygen  breathing,  therefore,  can  be 
considered  physiologically  meaningful,  and 
oxygen  influence  on  the  processes  that  underlie 
or  control  the  diurnal  shift  may  be  inferred. 
Since  oxygen  effects  (at  1  atmosphere)  are 
known  to  be  slow  in  onset,  generally  not  appear¬ 
ing  in  the  first  4  hours  (11),  it  is  not  surprising 
to  find  this  effect  to  be  low  in  magnitude. 

In  processing  the  urine  samples,  it  was 
necessary  to  store  them  temporarily  in  a 
freezer.  Unfortunately,  electrical  power  failure 
occurred  which  caused  thawing  of  some  of  the 
urine  samples;  consequently,  the  urinary  17- 
OHCS  data  were  incomplete.  Based  on  the 
data  for  only  12  of  the  24  subjects,  urinary 
17-OHCS  excretion  during  normoxia  agreed 
with  that  found  previously  for  nonstressed  men 
(the  mean  value  for  the  present  group  was 
288  /ig./lOO  mg.  creatinine,  while  that  found 
previously  was  280  /Ag./100  mg.  creatinine). 
The  mean  value  obtained  when  these  12  sub¬ 
jects  experienced  hyperoxia  was  325  /tg./100 
mg.  creatinine,  but  this  value  does  not  differ 
statistically  from  either  of  the  above  values. 
Changes  in  urinary  corticosteroids  lag  behind 


any  that  appear  in  blood  (10),  the  lag  time 
amounting  to  about  2  hours.  Urinary  17-OHCS 
determinations  apparently  are  not  as  useful  as 
plasma  cortisol  determinations  in  short-term 
hyperoxia  studies.  In  future  studies,  posthy- 
peroxia  urinary  determinations  are,  therefore, 
to  be  used. 

Evidence  was  obtained  of  hyperoxia-induced 
sympathoadrenal  depression.  As  shown  in 
table  1,  norepinephrine  excretion,  as  well  as 


TABLE  I 

Summary  of  results 


Urinary  variable 

Experimental  condition 

P 

Normoxia 

Hyperoxia 

Epinephrine  (fig.) 

1.30 

0.56 

<  .001 

Norepinephrine  (Mg.) 

5.16 

2.88 

<.01 

Ratio:  NE/E 

4.2 

5.3 

<  .001 

17-OHCS  (Mg.)* 

288 

325 

NS 

Urine  volume  (ml. /hr.) 

103 

60 

<  .001 

Creatinine  (mg./hr.) 

82 

80 

NS 

Urea  (gm.) 

1.46 

1.33 

NS 

Uric  acid  (mg.) 

31 

32 

NS 

Potassium  (mEq.) 

5.4 

5.1 

NS 

Sodium  (mEq.) 

16.5 

11.4 

1  <.01 

Phosphate  (as  mg.  P) 

40 

28 

1  <.oi 

Ratio:  Na/K 

3.4 

2.6 

<.01 

Except  where  otherwise  indicated,  urinary  constituents  are 
expressed  as  quantity/100  mR.  creatinine. 

•n  -  12. 


epinephrine  excretion,  was  lower  during 
hyperoxia  than  during  normoxia.  The  reduc¬ 
tion  in  norepinephrine  excretion  amounted  to 
44%,  while  that  for  epinephrine  amounted  to 
57 'a  .  These  differences  in  magnitude  of  re¬ 
duction  suggest  that  the  two  parts  of  the 
sympathoadrenal  system  differ  in  oxygen- 
sensitivity.  This  differential  effect  is  evident 
in  the  norepinephrine/epinephrine  ratio 
(NE/E). 

It  was  recognized  that  mask  discomfort 
would  be  a  factor  in  both  test  situations.  Other 
investigators  (11)  have  noted  that  mask  effects 
may  obscure  effects  of  hyperoxia.  To  test  for 
mask  influence,  the  present  results  were  com¬ 
pared  with  those  obtained  previously  for  non¬ 
stressed  (nonmasked)  subjects.  The  present 
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group,  when  normoxic,  had  the  same  mean 
NE/E  ratio  as  the  nonmasked  group  (for  both, 
the  mean  NE/E  value  was  4.2) ;  however, 
epinephrine  and  norepinephrine  values  were 
relatively  high,  which  suggests  that  the  mask 
had  a  stimulatory  effect  on  the  sympatho¬ 
adrenal  system.  Despite  this  opposing  in¬ 
fluence,  hyperoxia-induced  depression  was 
clearly  demonstrated. 

Urine  volume  differences  (table  I)  also  seem 
to  represent  mask-oxygen  interplay.  Accord¬ 
ing  to  Currie  and  Ullmann  (2),  breathing 
through  external  airway  resistances  leads  to 
polyuria,  not  because  of  differences  in  tidal  or 
minute  volume  of  ventilation  or  chemical 
changes  in  the  blood,  but  rather  because  of 
intrathoracic  pressure  fluctuations  which  re- 
flexively  depress  antidiuretic  hormone  secre¬ 
tion.  The  finding  of  a  lower  rate  of  urine  flow 
during  hyperoxia  suggests  that  oxygen  in 
excess  has  a  counteracting  influence  on  mask- 
induced  changes.  The  site  at  which  oxygen 
acts  to  reduce  urine  output  remains  to  be  deter¬ 
mined.  The  finding  of  reduced  urine  output 
in  association  with  reduced  plasma  cortisol  con¬ 
centration  and  reduced  catecholamine  excretion 
is  of  interest,  since  impaired  excretion  of  water 
has  been  observed  following  adrenalectomy,  and 
treatment  with  either  corticosteroids  or 
catecholamines  improves  water  excretion  in 
adrenalectomized  animals  (12). 

Despite  the  variation  in  urine  output, 
creatinine  excretion  did  not  vary  significantly 
(table  I).  With  creatinine  variation  thus 
shown  to  be  random  in  character,  all  other 
urinary  constituents  were  expressed  as  ratios 
with  creatinine.  Along  with  creatinine,  in¬ 
significant  variation  was  found  for  potassium, 
urea,  and  uric  acid  (table  I).  On  the  basis 
of  these  findings,  it  does  not  seem  that  general 
metabolic  status  was  greatly  different  on  the 
two  test  occasions. 

Urinary  sodium  and  phosphate  differentiat¬ 
ed  hyperoxia  from  normoxia  (table  I).  The 
sodium  values,  on  bn  h  occasions,  were  high 
in  comparison  with  the  previously  studied  non- 
stressed  subjects  who  averaged  8.1  mEq.  100 


mg.  creatinine.  This  suggests  that  the  oxygen 
mask  was  influential  on  sodium  excretion  and 
that  hyperoxia  was  a  partially  counteracting 
factor.  Of  importance  is  the  finding  that  the 
mean  Na/K  ratio  following  hyperoxia  ap¬ 
proached  that  found  for  nonmasked  subjects 
(who  averaged  2.4  mEq.  sodium  per  mEq. 
potassium).  Phosphate  excretion  during  nor¬ 
moxia  was  high  relative  to  the  value  found  in 
nonmasked  subjects  who  averaged  30  mg./lOO 
mg.  creatinine.  In  this  respect,  there  also 
seems  to  have  been  interplay  between  the 
factors  of  oxygen  pressure  and  mask  discom¬ 
fort. 

4.  DISCUSSION 

This  study,  while  only  preliminary,  gave 
fairly  definitive  results.  Evidence  of  adreno¬ 
cortical  and  sympathoadrenal  depression  was 
found,  and  there  was  evidence  of  mask-oxygen 
interaction.  Although  the  primary  interest 
was  on  effects  of  oxygen-breathing,  the  finding 
of  mask-hyperoxia  interplay  seems  a  valuable 
one,  since  mask  discomfort  and  preflight 
hyperoxia  are  factors  in  the  flying  situation 
as  well  as  in  decompression  studies.  These 
factors,  in  combination,  undoubtedly  have 
contributed  to  results  obtained  in  many  experi¬ 
mental  studies  and  may  have  made  interpreta¬ 
tions  difficult.  Recently,  Marchbanks  et  al.  (9) 
evaluated  adrenocortical,  sympathoadrenal,  and 
metabolic  aspects  in  pilots  flying  single-place, 
high-performance  aircraft  and  found,  by  means 
of  these  same  plasma  and  urinary  determina¬ 
tions,  variation  not  seen  in  pilots  who  were 
off-duty.  Comparison  of  the  results  for  nor¬ 
moxic,  mask-wearing  subjects  in  the  present 
experiment  with  the  results  for  one  of  the 
flying  groups  proved  interesting.  The  flying 
group  averaged  1.82  ^ g .  epinephrine,  which  is 
only  slightly  higher  than  the  value  obtained  in 
the  present  mask-breathing,  normoxic  group 
(1.30  /xg.).  The  same  is  true  for  their  norepi¬ 
nephrine  excretion,  the  flying  group  averaging 
5.72  and  the  masked  group  averaging 
5.16  fig.  The  mean  NE/E  ratio  for  the  flying 
group  was  3.2,  while  that  for  the  masked  group 
was  4.2.  Urinary  17-OHCS  values  for  these 
two  groups  were  also  similar,  the  flying  group 
averaging  298  fig.  and  the  masked  group 


averaging  288  ^g.  However,  the  flying  group 
averaged  13.2  ^g.  of  cortisol  per  100  ml.  plasma, 
which  is  significantly  above  the  level  noted  in 
the  masked  group  (7.8  /ig./100  ml.  plasma). 
Mask  discomfort,  therefore,  may  have  been  a 
contributing  factor  in  the  catecholamine  re¬ 
sponse  to  flight,  but  it  does  not  account  for 
the  plasma  cortisol  response  to  flight.  The 
flying  group  did  not  show  abnormal  phosphate 
excretion,  but  in  sodium  excretion  they  ap¬ 
proached  the  level  found  for  the  present  masked 
(normoxic)  group,  averaging  14.6  mEq./lOO 
mg.  creatinine  (the  masked  group  averaged 
16.5  rnEq.).  There  was  further  resemblance 
in  that  the  flying  group  had  a  mean  Na/K 
ratio  of  3.6  (the  masked  group  averaged  3.4). 
Mask  discomfort,  which  is  one  of  the  many 
factors  in  the  flying  complex,  seemingly  ac¬ 
counts  for  a  number  of  the  so-called  '‘flight” 
effects. 

Apart  from  these  practical  considerations, 
the  finding  of  evidence  of  adrenocortical  de¬ 
pression  is  of  interest,  and  it  may  be  inter¬ 
preted  as  a  compensatory  change.  Support  for 
this  comes  from  the  study  of  Gersehman  et  al. 
(6),  who  showed  (in  rodents)  that  adrenalec¬ 


tomy  led  to  increased  resistance  to  hyperoxia 
and  that  administration  of  cortisone  counter¬ 
acted  the  beneficial  effect  of  adrenalectomy. 
Gersehman  and  Fenn  (7)  noted  that  rats  kept 
in  pure  oxygen  at  1  atmosphere  showed  no 
signs  of  adrenocortical  stimulation  nor  symp¬ 
toms  of  oxygen  poisoning;  with  higher  oxygen 
pressures,  symptoms  of  oxygen  poisoning  ap¬ 
peared  and  there  was  evidence  of  adrenocor¬ 
tical  stimulation.  It  is  well  established  that 
oxygen  effects  are  roughly  proportional  to  the 
partial  pressure  and  duration  of  exposure  (11)  ; 
and  it  is  logical  to  think  that,  with  oxygen 
pressure  at  only  1  atmosphere,  adrenocortical 
depression  may  account,  in  part,  for  the  slow 
onset  of  symptoms.  Since  the  evidence  points 
toward  sympathoadrenal  depression  as  well,  it 
seems  that  generalized  neuroendocrine  depres¬ 
sion  represents  an  early  response  to  hyperoxia. 
Individuals  vary  greatly  in  their  reactions  to 
oxygen,  and  a  given  individual  may  vary  great¬ 
ly  on  different  occasions  (11).  It  may  be  that 
neuroendocrine  status  contributes  to  this 
variability.  Of  some  pei'tinence  is  the  finding 
of  seasonal  variation  in  catecholamine  excretion 
(5,  8).  We  are,  therefore,  currently  investigat¬ 
ing  oxygen-sensitivity  in  relation  to  season. 
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